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Collector-up (C-up) heterojunction bipolar transistors (HBTs) proposed by Kroemer 1) have essentially no extrinsic B-C junction to form a parallel-plate capacitance. Nevertheless, how to reduce the leakage current existing in the extrinsic base-emitter (B-E) junction is still the most important problem. Many approaches have been proposed to suppress the leakage current, such as selective undercut etching to remove the extrinsic emitter layer 2) and ion implantation to increase the resistance of the extrinsic emitter layer. 3) In this paper a new method is proposed to reduce the base leakage current in the extrinsic B-E junction by adding a thin Al 0:98 Ga 0:02 As layer between the emitter and the base. The thin Al 0:98 Ga 0:02 As layer is then partially oxidized to suppress the base leakage current, and the oxidization technique is well known in fabrication of the vertical-cavity surface-emitting lasers (VCSELs). [4] [5] [6] The HBT structure was grown by low-pressure metalorganic chemical vapor deposition (LP-MOCVD). The detailed structure parameters of the HBT device are shown in Table I . The thickness of the Al 0:98 Ga 0:02 As layer was 300 A and the doping concentration was the same as that of the emitter. The device fabrication started from mesa wet etching to expose the subemitter layer. Then the wafer was put into the furnace at 450 C with a water vapor flow rate of 2 l/min for 25 min to oxidize the Al 0:98 Ga 0:02 As layer. After the oxidation process, wet etching was performed to expose the base layer, and then the electrodes were deposited separately. The cross-sectional sketch of the oxide-confined C-up HBT is shown in Fig. 1 .
To estimate the oxidation depth, after the collector and subcollector layers were removed by wet etching, a top-view photograph of the oxidized C-up HBT was taken by an optical microscope as shown in Fig. 2 . The boundary between the oxidized and nonoxidized regions in the Al 0:98 Ga 0:02 As layer was unclear because the thickness of the layer was only 300
A. However, we could still estimate the oxidation depth from the photograph. The peripheral contour of the collector mesa is also indicated in Fig. 2 by a circle and the diameter of the collector mesa was 30 mm. To investigate the current confinement of the oxidized region, the resistances between the base layer and the subemitter layer were measured at different positions of the base surface as shown in Fig. 3 . The center of the base mesa was taken as the positional origin of the resistance measurement. The resistance measured in the nonoxidized region was almost constant. However, the resistance measured in the oxidized region increased linearly with the distance apart from the Al 0:98 Ga 0:02 As oxidized/nonoxidized interface. In the oxidized region, the current could not flow directly from the base to the emitter vertically, but it flowed laterally in the base and then passed through the nonoxidized region to the emitter. Accordingly, the resistance between the base and the emitter was increased by the increased base series resistance. The forward Gummel plots of two C-up HBTs with and without the oxidation process are shown in Fig. 4 . The current gain of the C-up HBT without the oxidation process was less than unity because of the large base leakage current through the extrinsic base-emitter junction. However, the current gain of the C-up HBT with the oxidation process was about 16. Although the base recombination current was estimated to be greatly reduced by the insertion of the partially oxidized Al 0:98 Ga 0:02 As layer, the experimental current gain was smaller than the predicted value of about 35. The deviation between the experimental and the predicted current gain was due to a large base recombination current. There were two possible causes of this large base leakage current. The first one was the poor quality of the interface between the Al 0:98 Ga 0:02 As layer and the base layer. For a HBT with poor base-emitter junction quality, the potential spike at the conduction band would increase the turn-on voltage. Nevertheless, the turn-on voltage (1.07 V at I C = 10 mA) of the oxide confined HBT was almost the same as that for a conventional GaAs HBT. Thus the large base leakage current was not caused by the poor quality of the interface between the Al 0:98 Ga 0:02 As layer and the base layer. The other cause of the large base leakage current was the large carrier recombination at the interface between the oxidized Al 0:98 Ga 0:02 As and its adjacent layers. Ambient temperature and water vapor flow rate were both critical conditions in the Al 0:98 Ga 0:02 As oxidation process. Further improvement of the current gain could be achieved by optimizing the oxidation conditions.
We have successfully fabricated an oxide-confined C-up HBT with a current gain of 16. The partially oxidized Al 0:98 Ga 0:02 As layer has effectively suppressed the base leakage current. The further optimization of the oxidation process is needed to achieve the practical oxide-confined Cup HBTs with higher current gain.
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